The effect of oil type in diet in broiler chicken on pro-health and organoleptic properties of meat. The studies covered the analysis of the pro-health and organoleptic properties of the meat of chickens for fattening fed with mixtures oiled with three different oils. The research material consisted of 36 samples of pectoral and legs muscles. Samples were collected from 42-day old birds from three feeding groups. Group I chickens received mixtures oiled with soybean oil, while groups II and III chickens were fed with mixtures oiled with rapeseed oil and linseed oil, respectively. The use of rapeseed or linseed oil in mixtures for chickens for fattening does not affect the content of basic ingredients in muscles, but significantly reduced the proportion of crude fat in pectoral muscle. The differentiation of the fatty acids content in oils was refl ected in muscle lipids. The obtained results provide grounds to recommend oiling of compound mixtures primarily with linseed oil, as it increases (P < 0.01) the content of PUFA n-3. However, it should be taken into account that taste qualities will thus deteriorate.
INTRODUCTION
Healthy nutrition is needed in the development and preservation of human health. It means that it is necessary to cover the body's needs for energy and nutrients, including fat (EFSA 2010) . Currently, consumption of the above mentioned ingredient, with regard to quantity and quality as well, is one of the most common dietary mistakes. The high proportion of fat in a diet is commonly associated with the risks of the so-called civilization diseases (obesity, cardiovascular disease, tumours, etc.) . However, it is indispensable in the human diet, as it is a carrier of polyunsaturated fatty acids belonging to the families of omega-6 and omega-3, that are particularly important to health. They must be delivered with food in right proportions. According to Daley et al. (2010) and Gibbs et al. (2010) , the superiority of omega-6 acids over omega-3 acids should not be greater than four times, while in the average diet it is 10-20 times. The defi ciency of polyunsaturated fatty acids from the n-3 family in human nutrition can be supplemented by introducing the best of its sources to the diet, such as linseed oil, or the use of food products enriched with these acids in a direct or indirect way. Meat is such a product. It is a source of protein of high nutritional value and fat, but also of a number of pro-health ingredients (Marco et al. 2013 , Puvača et al. 2014 , Valavan et al. 2016 . Due to the fact that the largest controversy concern meat lipids, the recent years studies focused on improvement of the profi le of fatty acids of intramuscular fat in the pro-health direction. It is based on feeding the animals with properly selected fats. Studies by various authors (Schneiderová et al. 2007 , Konieczka et al. 2017 , Li et al. 2017 indicate the physiological ability of animals to incorporate fatty acids from diet into abdominal and intramuscular fat. Introduction of feed biocomponents rich in polyunsaturated fatty acids (PUFA) to the diet of chickens allows for their increased content in the tissues of birds. However, the experiments carried out have proved that the effectiveness of this treatment depends mainly on the type and quantity of feed material used in mixtures for chickens. What is more, the quantity and quality of fat affect the quality of meat related to organoleptic values, such as the smell in particular (Wood and Enser 1997 , Betti et al. 2009 , Jankowski et al. 2012 . Marco et al. (2013) and Valavan et al. (2016) state that inclusion of n-3 lipid sources in broiler ration had no adverse effect on meat quality in terms of organoleptic assessment such as appearance, juiciness, fl avour, tenderness and overall acceptability scores.
The purpose of the studies was to assess the pro-health and organoleptic properties of meat of chickens fed with mixtures oiled with three different vegetable oils.
MATERIAL AND METHODS
The research material consisted of 36 samples of muscles of pectoral muscles (Folch et al. 1957) . The fat extracted with light petroleum underwent the processes of alkaline hydrolysis using 0.5 n solution of NaOH in absolute methanol, then the released fatty acids were converted to methyl esters using 4% hydrogen chloride in methanol. The obtained esters were separated on a GC column and their total acid content was determined. A gas chromatograph was used for chromatographic separation. The fatty acid concentrations were expressed in g per 100 g of tissue because this nutritionally re fl ects possible changes in the fatty acid profi le better than the percentage content as it takes the fat content in 100 g of tissue into account. Based on the percentage (% of the total) of fatty acids, we calculated the atherogenic (AI) and thrombogenic (TI) indexes, as well as the hypocholesterolemic-to-hypercholesterolemic fatty acids ratio (HH) according to Ulbricht and Southgate (1991) and Santos-Silva et al. (2002) :
HH = [(C18:1n-9 + C18:2n-6 + C20:4n-6 + C18:3n-3 + C20:5n-3 + C22:5n-3 + + C22:6-n) / (C14:0 + C16:0)].
Sensory evaluation of the muscles was performed after thermal treatment. Muscles (not frozen) were heated in 0.8% NaCl water solution (with a 1 : 2 meat-to--water proportion) until attaining 75°C in the geometric center of the sample. The assessment was carried out by a panel of six qualifi ed subjects. The samples were evaluated for: fl avour, tenderness, juiciness and palatability, according to a fi ve--point scale: 1 (the lowest score) through 5 (the highest score) (Baryłko-Pikielna and Matuszewska 2014).
The results obtained were developed by one-way analysis of variance (P < < 0.05 and P < 0.01) and calculating the mean values for the groups and the (SD). The signifi cance of differences between mean values of the analysed characteristics was determined by means of the Duncan test (post-hoc) with Statistica 12.5.
RESULTS AND DISCUSSION
The determined profi le of fatty acids of oils (soybean, rapeseed, linseed) used to oil mixtures is shown in Table 2 .
It was proven that rapeseed and linseed oil contained more than three times less linoleic acid C 18:2 n-6, but more (linseed oil in particular -approx. 11 times) linolenic acid C 18:3 n-3 compared to soybean oil. The content of the above mentioned acids contributed to the narrowing of the total n-6 to n-3 PUFA ratio. In soybean oil, it was 12.63, in rapeseed oil -2.78 and in linseed oil -0.34. From the point of view of human nutrition, the most favourable proportion of n-6 to n-3 PUFA was found in rapeseed oil. The obtained own results are similar to data of Osek et al. (2004) , Schneiderová et al. (2007) and Konieczka et al. (2017) . The authors state that the fatty acid profi le of oil depends on a number of factors, for example: the species and variety of seeds, method of pressing or conditions of product storage.
Signifi cantly higher body weight of broilers from groups I and II at the age of 42 days in comparison with group III was proved (Table 3) . Lower feed conversion ratio in broilers fed with mixtures containing soybean and rapeseed oils in comparison with birds of group III was also found. No infl uence of the oil type on dressing percentage and broiler fatness was observed, whereas the best shore of muscle (P ≤ 0.05) in bird groups was found. The introduction of soybean, rapeseed or linseed oils into mixtures for chickens for fattening did not affect the content of basic ingredients in muscles, except for crude fat (Table 4) .
The smallest level of fat was found in the muscles of birds fed with mixtures oiled with rapeseed oil, and the statistically signifi cant difference was confi rmed against group I (P < 0.01) and group III (P < 0.05). The use of linseed oil (instead of soybean oil) in chicken diets signifi cantly reduced the amount of lipids in the pectoral muscle only.
According to Zelenka et al. (2006) , the addition (1, 3, 5 and 7%) of linseed oil to compound mixtures for chickens for fattening does not affect the crude fat content in both types of muscles, but its signifi cant amount (7%) decreases (P ≤ 0.05) the content of protein in pectoral muscles. Osek et al. (2004) indicate a signifi cant infl uence of the type of oil used to oil mixtures for chickens on fat content in meat, as in pectoral muscles and in muscles of legs of chickens fed with mixtures oiled with linseed oil, smaller amount of this ingredient was found than in the muscles of birds fed with mixtures with rapeseed or soybean oil. Kanakri et al. (2017) state that the type of fat used in mixtures for chickens does not affect the content of crude fat in pectoral muscles and muscles of legs.
The fatty acid profi le in muscle lipids (pectoral muscles and muscles of legs) was a refl ection of the fatty acid profi le of the oils used to oil mixtures for chickens (Table 5 and 6). Signifi cantly (P < 0.01) more α-linolenic acid was found in both muscle of birds fed diets The calculated ratio of PUFA n-6 to n-3 in muscles clearly indicates that linseed oil most preferably modifi es the fatty acid profi le in the pro-health direction. Compared to the muscles of chickens fed with mixtures with rapeseed oil, and especially with soybean oil, this ratio was many times lower. Similarly, Nguyen et al. (2003) showed a narrowing of the n-6 to n-3 PUFA ratio in individual pieces of carcass after the introduction of rapeseed oil (approx. 2.5-fold) or linseed oil (approx. 10-fold) to the diet of chickens for fattening.
Considering the type of muscles of chickens for feeding, it has been shown that leg muscles are a better source of fatty acids from the omega-3 family, due to the higher content of fat, and thus fatty acids. Jarosz and Bułhak-Jachymczyk (2008) recommend to consume 2 g of α-linolenic acid and 200 mg of LC-PUFA n-3 per day in order to narrow the proportion of n-6 to n-3 acids in the human diet.
The fatty acid profi les also enabled the evaluation of the lipid fraction's nutritional quality index (INQ). The atherogenic- ity (AI) and thrombogenicity (TI) indexes and the ratios of hypocholesterolemic and hypercholesterolemic fatty acids (HH) could therefore be determined. According to Turan et al. (2007) , nutritional quality indexes can indicate a sample's potential for plaque aggregation. In other words, low AI and TI values indicate high quantities of anti-atherogenic fatty acids in oil or intramuscular fat. Ouraji et al. (2009) reported that AI and TI higher than 1 are harmful for human health. The values for the both indexes (AI and TI) showed that linseed and rapeseed oils had benefi cial effects on pro-healthy properties of meat. The lower the AI and TI index values, the healthier the food. This is because these indexes report the relationship between fatty acids in food and their contribution to the prevention of coronary dis- Table 2 . a, a and b, b -in line the means marked with the same small letters differ statistically signifi cantly at P ≤ 0.05. A, A and B, B -in line the means marked with the same capital letters differ statistically signifi cantly at P ≤ 0.01.
eases (Turan et al. 2007 , Cutrignelli et al. 2008 . Sensory evaluation of the muscles included: fl avour, juiciness, tenderness and palatability (Figs. 1, 2 ).
Oiling mixtures with rapeseed or linseed oils worsened the fl avour and palatability of pectoral muscles, and consequently the average for four rated traits (P < 0.05). Signifi cant reduction of organoleptic qualities of muscles of chickens fed with mixtures containing 5% linseed oil was demonstrated by Osek et al. (2005) , while Marco et al. (2013) did not note a decrease in the sensory qualities of meat of chickens fed with mixtures oiled with linseed oil. Meat from turkeys fed with mixtures oiled with rapeseed or linseed oils has signifi cantly worse taste, while the muscles of birds having diets Table 2 . a, a and b, b -in line the means marked with the same small letters differ statistically signifi cantly at P ≤ 0.05. A, A and B, B -in line the means marked with the same capital letters differ statistically signifi cantly at P ≤ 0.01.
with linseed oil received the lowest evaluation (Jankowski et al. 2012 ).
CONCLUSIONS
Oiling compound mixtures with rapeseed oil or linseed oil signifi cantly reduced the content of crude fat in the pectoral muscles of chickens for fattening. The contribution of fatty acids in oils has been refl ected in muscle lipids. The most advantageous ratio of n-6 to n-3 PUFA was found in the muscles of chickens receiving mixtures with linseed oil. The use of rapeseed or linseed oils in the mixtures worsened the smell and taste of pectoral muscles, and consequently the average for four rated traits (P < 0.05). Paying attention to the pro--health properties of the meat of chickens for fattening, the obtained results provide grounds to recommend oiling of compound mixtures primarily with linseed oil, as it increases (P < 0.01) the content of PUFA n-3. However, it should be taken into account that taste qualities will thus deteriorate.
